The objective of the work was to study blood pressure and some anthropometric characteristics in children. The study design included the prevalence study at Belgrade, Serbia and Montenegro. The study comprised 1651 subjects (809 boys and 842 girls) aged 7-14 years, that is, 2.6% of all relevant population. The average levels of systolic and diastolic blood pressures (SBP and DBP) were 113.4/70.3 mmHg in boys and 114.6/ 71.1 mmHg in girls. High SBP was present in 4.7% of boys and in 5.3% of girls. High DBP was found in 5.6% of boys and in 4.8% of girls. According to multivariate regression analysis, in boys SBP and DBP were significantly associated with age, body mass index (BMI) and subscapular skinfold, SBP was also associated with body weight, and DBP with triceps skinfold. In girls, SBP was significantly related to BMI, suprailiac skinfold and body height, and DBP was significantly associated with BMI, suprailiac and subscapular skinfolds. The results of the present study support the opinion that BMI is a significant predictor of blood pressure in children and point out to suprailiac skinfold in girls as a possible predictor of blood pressure.
Introduction
Essential hypertension is a major cause of cardiovascular morbidity and mortality. It has been shown that essential hypertension has its origin in childhood. [1] [2] [3] Investigation of blood pressure in childhood can therefore contribute to knowledge of the aetiology of the condition. At the same time, the detection of high blood pressure during childhood is of potential value in identifying those children who are at increased risk of primary hypertension as adults, and who might benefit from earlier intervention and follow-up. In addition, most children with secondary hypertension show no symptoms.
This paper presents the distribution of blood pressure and some anthropometric characteristics in Belgrade children aged 7-14 years.
Material and methods
The study comprised 1651 subjects (809 boys and 842 girls) aged 7-14 years, residing in Belgrade and attending primary school. The participants were selected by a multistage random sampling technique from six urban communities in Belgrade. The chosen sample included 2.6% of all relevant population in these communities. Investigation was performed in accordance with the principles embodied in the Declaration of Helsinki. The response rate was 83.5%.
All blood pressure measurements were carried out by one physician using a standard mercury sphygmomanometer. The child was seated at rest at least 10 min prior to measurements. Readings were taken on the right arm. A cuff of the appropriate size was selected on the basis of upper arm circumference. Blood pressure was measured three times, about 5 min apart. Between readings, the cuff was removed, and the child was requested to raise his/her arm for 30 s. Diastolic reading was based on Korotkoff phase IV. The average of all three readings was used to represent the individual's blood pressure.
Height was measured twice, without shoes. Weight was measured twice using a beam balance with a metric scale. The child was weighed in his/ her clothes without shoes or heavy outer garments. No correction was made for the weight of clothing. Body mass index (BMI) was defined as weight over height squared (wt/ht 2 ). Skinfold measurements were obtained at the triceps, suprailiac, and subscapular sites with a Lange skinfold caliper in accordance with standard procedure. 4 In the analysis of data, mean values, standard deviations, proportions, and univariate and multivariate (linear and logistic) regression analyses were used.
Results
The average level of systolic blood pressure (SBP) was 113. 4 Selected percentiles for SBP and DBP by age and sex are presented in Figure 1 . For both boys and girls, SBP levels for all selected percentiles increased, with some oscillation, up to the age 12 or 13 years when maximum was reached. After that stagnation or decrease was present. A similar pattern was seen for DBP levels, the increase at the age of 12 or 13 years being more pronounced in boys than in girls.
High SBP (levels at X95th percentile) was present in 4.7% (4.1-5.3%) of boys and 5.3% (4.5-7.5%) of girls. The high DBP (levels at X95th percentile) was found in 5.6% (4.3-7.6%) of boys and 4.8% (4.5-5.8%) of girls.
Means and standard deviations for BMI, and triceps, subscapular and suprailiac skinfolds, for each age and sex are shown in Table 1 .
Since all the above-mentioned anthropometric measures were, according to univariate regression analysis, significantly related to blood pressure, they were entered into models of multivariate regression analysis as independent variables, together with age. Three models of multivariate regression analysis were used: in Model 1, SBP and DBP were analysed as continuous variables; in Model 2, children with hypertension (SBP and DBP at X95th percentiles) were compared with all other children; and, in Model 3, children with hypertension (SBP and DBP at X95th percentiles) were compared with normotensive children (SBP and DBP at 25-75th percentiles) ( Table 2) .
In boys, according to the results of multivariate analysis, BMI was positively related with high SBP and high DBP in all three models. A positive relationship was also present between SBP and body height and subscapular skinfold and between DBP and triceps and subscapular skinfolds, but all these associations were found only in one of the multivariate models. A negative association was found between SBP and age in Models 2 and 3. A negative association of age with DBP was present in Model 2.
In girls, suprailiac skinfold was positively related to high SBP and high DBP in all models used. When Model 1 was used, a positive association was also found between BMI and both SBP and DBP, between 
Discussion
The aim of the present study was to assess blood pressure and selected anthropometric characteristics and their relationship in Belgrade children, and to compare blood pressure levels to other population-based studies.
The overall response rate in this study was 83.5%, higher in younger children, 7-10 years old (96.2%) than among older children, 11-14 years old (70.8%). The response rate was higher in comparison with some other investigations. 5, 6 The average levels of SBP and DBP, 113.4/ 70.3 mmHg in boys and 114.6/71.1 mmHg in girls, Blood pressure in children H Vlajinac et al found in the present study, are higher than the values of average blood pressure in children of the same age in a pooled age-sex-specific analysis of 79 studies of blood pressure in children and adolescents. 7 Levels of SBP and DBP in our children were also higher than those recorded in Japan, 5 Singapore 8 USA, 9,10 and India. 11 In comparison with results from 'Know your body' study 12,13 comprising children 13 years old from 15 countries, SBP and DBP levels in our children of the same age approach the highest blood pressure levels found in Finland and Netherlands. At the same time, changes in SBP and DBP levels with age, seen in the present study, were smaller in comparison with both the pooled study 7 and the study in Japan. 5 The pattern of changes in blood pressure levels with age was clearly nonlinear, with the maximum reached at the age of 12 years.
The percentiles for SBP in Belgrade children were higher than those reported for Mexican girls, 6 and similar to those found in USA.
14 The percentile distribution of DBP was similar to that found in USA children 14 and some other investigations, 15 and lower than that found in Mexican children. 6 Observed differences in average blood pressure levels and in the percentile distribution of SBP and DBP may be at least partly attributed to variations in blood pressure measurement methods and differences in instrumentation and the actual measurement.
As could be expected, among anthropometric characteristics BMI was the most strongly positively related to both SBP and DBP levels. It was especially pronounced in boys in whom an association between BMI and blood pressure was present in all three models of multivariate regression analysis, that is, when blood pressure was analysed as a continuous variable (Model 1), and when children with hypertension were compared with all other children (Model II) or with children having normal blood pressure (Model III). In girls, a relationship between BMI and blood pressure level was found only when SBP and DBP were analysed as continuous variables. A strong positive relationship between blood pressure and height, weight, and various indices for body mass was found in many studies 6, 9, 16, 17 including studies demonstrating that weight loss lowers blood pressure in obese adolescents. 18, 19 BMI was also a significant independent variable in the regression model for systolic and diastolic blood pressure in a cohort study of blood pressure in adolescent girls in USA.
The most interesting finding in the present study was that in girls, suprailiac skinfold was consistently positively related to blood pressure. Odds ratios for suprailiac skinfold were smaller than those for BMI, but the association was significant in all three regression models. Other skinfolds (triceps and subscapular) were found to be positively related to blood pressure only in some of the regression models that were used.
Concerning association between blood pressure and age, some investigations of schoolage children indicated that age was not a significant predictor of blood pressure, 6 and that blood pressure was more closely related to body size than to chronological age between the ages of 7-17 years. 20, 21 In the present study, even negative association was found between age and hypertension, but only in boys. In girls, there was no relationship between age and blood pressure.
The results of the present study support the opinion that BMI is a significant predictor of blood pressure in children and point out to suprailiac skinfold in girls as a possible predictor of blood pressure.
